Differential expression of c-fos and c-myc protooncogenes by estrogens, xenobiotics and other growth-stimulatory agents in primary rat hepatocytes.
Mechanism(s) of tumour promotion in liver by estrogens and other xenobiotics such as alpha-hexachlorocyclohexane (HCH), 1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane (DDT) and phenobarbital (PB), are not well understood although it is clear that growth stimulation is one important element in their action. To help in characterizing mechanisms of growth control by these compounds, their effects on the expression of immediate-early protooncogenes c- fos and c- myc have been examined and compared with other compounds that stimulate DNA synthesis in primary cultures of normal rat hepatocytes. Expression of c- fos was undetectable in cultures not exposed to growth factors. Although neither epidermal growth factor (EGF) nor 17beta-estradiol (E(2)) alone had marked effects on c- fos mRNA, the two acted synergistically to cause clear c- fos expression, maximal 1-2 h after growth factor addition and when test agents were added on the first day in culture. Neither insulin nor dexamethasone alone induced c- fos mRNA but stimulation of c- fos expression by EGF plus estradiol occurred earlier in the presence of insulin, and was augmented by preincubation of cells with dexamethasone. EGF + E(2)-induced c- fos mRNA was completely abolished by actinomycin D, suggesting that transcription is the major mechanism for c- fos induction by E(2) + EGF. Compounds that strongly stimulate hepatocyte DNA synthesis such as norepinephrine, pyruvate, prolactin, glutethimide, monensin, ammonium chloride, and normal rat serum when in combination with EGF, all failed (when added with EGF) to affect c- fos mRNA expression. Thus, induction of c- fos expression may be a component of estradiol's growth stimulatory effect in cultured hepatocytes but this is not the case for other compounds that strongly stimulate DNA synthesis. Unlike c- fos mRNA, c- myc mRNA was detectable in hepatocyte cultures without added growth factor, was augmented within 2 h of exposure to EGF, and was further increased by adding E(2), other estrogens or a variety of other stimulators of DNA synthesis in hepatocytes. This suggests that increased c- myc expression may be a common effect of many of these agents in combination with EGF.